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Let Sj = [ — r -J- -|/(m 9 +»•*)]* , s 2 =[— r— ]/(»»• +r g )]* , and the roots of 
(1) become j/ 1 =s 1 +s 2 , y 2 =J(s, -fs 8 )+J 1 /(-3)(s x -s 3 ), y 8 =-H*i+s*) 

-Ji/C-BK*!-*!). 

.-.ajs+Smic^y! ort/ 2 or «/ 3 (2). 

The nine roots of the three cubics (2) give the required solution. We let 

«.=(- | i +i/(«» 3 +i2/i 2 ))! ^(--^-l/C^+i^ 8 ))* 

and we denote the corresponding radicals when j/ x is replaced by y 2 , by s 6 , s e ; 
and when «/ r is replaced by y s by s 1; s 8 . The nine roots of the given equation 
are: 

^2=-4(S 3 +«4)+4l/(- 3 )(*3- S 4) ! ^ 6 = -4(S 6 +S 6 )-1-4l/(-3)(S 5 - S 6)) 

^3=-Ks 3 + s 4)-4|/(-3)(s 1 -s 4 ), « 6 = -Ks5 + «e)-4r'(-3)(s 6 -s e )) 

a , 8 r =-4( S 7+ S 8 )+4|/(- 3 )( S 7- S 8)) 
« ; = -KS7+ S 8 )-4l / (- 3 )( S 7- S 8)- 
Similarly solved by Elmer Schuyler, and J. Seheffer. 

II. Solution by the PROPOSER. 

Let x—y-\-z. Then x 9 + 9mx 7 + 27m 2 x 5 +30m 3 x 3 -j-9m 4 a:+2r=0, becomes 
y9+z 9 +(t/z+m)[9(2/ 7 + s 7 ) + (36«/z+27m)(2/ 5 +z 5 )+(84j/ 2 z 8 +105m^ 
+ 30m 2 )(^ 8 +3 3 )+(126«/ 3 2 3 +189»w«/ 2 s 2 + 81m 8 ^+9OT 8 )(«/-h2)+2r=0. 
.'. «/ 9 +2 9 =— 2r and yz=— m. 
;. i/ 1 8 + 2n/ 9 =m 9 . .\y 9 = — ■r±-j/(r 2 +»re 9 ). 
Let a 9 =— r+ 1 /(r 2 +w 9 ), & 9 = — r— ^(r 2 +m 9 ). 

Let w= -l+./(-3) =; ,3, 

Li 

Then the nine roots are a + b, fta+ft 8 b, f^a+f^b, ,S 3 a + /S B &, f^a+^b, 
/? 6 a-f/3*&, /J«a+/3 3 6, ^a + ^b, poa+ftb. 

Also solved by L. B. Newcomb, and F. D. Posey. 
203. Proposed by L. E. NEWCOMB, Los Gatos, Cal. 

The sum of a certain pair of roots of x i + ax* + ( h -^~ jx s ■+ bx+c= is 

equal to the sum of the remaining pair. 

I. Solution by J. SCHEFFER, Hagerstown, Md. 

The problem reduces tothe problem of finding the value of m in the equa- 
tion a 4 +fl* 3 -\-mx % + bx-\-c=Q, subject to the condition that the sum of two roots 
equals the sum of the two others. Denoting the roots by a,- /3, y, d, we have a + /3 
=r+8— — ia- Since a.py-\-afid-\-ayd +fyd— — b, we have by factoring, 

«/5( r +,5) + («+/?) r 5z=-6, or (al3+ r d)ia=b. 
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/.«/?+ r s —2b/a. Since afl-\-aY-\-a8 + fr-\-pd-frd=:m, we have («/5+}" 5 )+( a + / 5 ) 
( r -\-d)=zm, or («/5-)-^) + (a+;3) 2 =m, or 2&/a-t-ia s r=: W 

II. Solution by G. B. M. ZEEE, A. M., Pb. D., Parsons, W. Va. 

Place x*+ax s + (2b/a-\-a i /4)a: 2 +bx+c—(x 2 +kT+m)(x 2 + kx+n) whereft 
is the sum of two of the roots. Since the sum of two roots equals the sum of 
the other two, k must be the same in both factors. Equating like powers of x 
we get 2k— a, h 2 +m+w=26/a+a 2 /4, lc(m-{-n)=b, mn=c. 

,•. h=a/2, m+n—2b/a, mn —c, etc. The roots are now easily found — 



ar== _J[* T ,/(fti_4B)] = -j(-|-T > |-^--J-[6Ti/(6 , -a t c)]). 

Analogously solved by F. D. Poser. 

III. Solution by A. H. HOLMES, Brunswick, Maine, and L. E. NEWCOMB, Los Gatos, California. 

Transposing c and adding V fa % to both sides, the roots of the equation 
are easily found to be 

*, = - i[-f + J-j- 8 - 4- [& + v (&s - 4rtc) ] ] 



a '» = -*[t ~ Jt- 4" [6+,/(6, - 4flc)] ] 

*4=-i[-g— J-J-4-[»-l/(6»-4«o)]] 

Evidently, 3^+^=353+3^ =— $«. 
Also solved by Elmer Schuyler. 

204. Proposed by F. P. MATZ, So. D., Ph. D., Professor of Mathematics and Astronomy in Defiance College, 
Defiance, 0. 

If a, /?, y be the roots of the cubic equation x* -\-qx-\-r=0, prove that 



